Introduction
(Automotive Industry Export Council [AIEC] 2013:7). Because of intensified competition in the global market, the introduction of products with shorter lifecycles and growing customer service, vehicle manufacturers in South Africa have been forced to invest in and direct their attention to the supply chains (Naude & Badenhorst-Weiss 2011:70) . Preliminary investigation revealed that although the industry is important in South Africa, it poses critical SCM challenges for local manufacturers and it is internationally uncompetitive. The Supply Chain Intelligence report (CSIR 2009) revealed that the majority of companies in the industry do not only operate with low levels of collaboration, but are also not market-sensitive or reactive to the changing market. The Supply Chain Foresight report (2010) highlighted the fact that the industry supply chain is more vulnerable than ever as a result of vast swings in demand and volumes because of the global recession. Naude and Badenhorst-Weiss (2011:96) asserted that automotive component manufacturers (ACMs) feel pressure from OEMs to reduce prices and are restrained by excessive inventory, the unreliability of rail transport, rail capacity problems and the high cost of South African ports. Low levels of collaboration and stiff competition among manufacturers challenge the industry (Lamprecht 2009:159; Mphahlwa 2008:2) .
These challenges hinder the efficient and effective implementation of SCM practices by vehicle manufacturers in South Africa. In light to this, the automotive industry is challenged to maintain its position in the market, to produce at a competitive cost and to have the ability to respond quickly and reliably to first-world market demands (Ambe & Badenhorst-Weiss 2011:355) . This article provides an understanding of the challenges in the supply chain, which is not only paramount for locally manufactured vehicle supply chain practitioners, but also for the automotive industry and South Africa as a whole. In this regard, the purpose of this article is defined by the following research questions:
• What are the supply chain challenges faced by vehicle manufacturers of locally manufactured models in South Africa? • Is there a difference between supply chain challenges faced by manufacturers of different origins in South Africa?
The remaining sections of the article present the literature review, research methodology, discussion of the results and conclusion.
Literature review
The literature review discusses the definition of supply chain management, SCM practices in the automotive industry and SCM challenges in the South African automotive industry.
Definition of supply chain management
According to Leenders and Fearon: Supply chain management is the systems approach to managing the entire flow of information, materials and services from the raw materials suppliers through factories and warehouses to the end customer (2004:10). Christopher (2005:5) defined SCM as 'the management of upstream and downstream relationships with suppliers and customers to deliver superior customer value at less cost to the supply chain as a whole'. According to Wisner, Tan and Leong (2008:8) , SCM is 'the design and management of seamless, value-added processes across organisational boundaries to meet the real needs of the end customer'. The above definitions represent the various views of many literature sources. Although the definitions of SCM differ to some extent, they can be classified into three categories: a management philosophy, implementation of a management philosophy and as a set of management processes (Klemencic 2006:13; Lambert 2006) .
Overview of the global automotive industry
The automotive industry is one of the most global industries, with its products spread around the world and dominated by small companies enjoying worldwide recognition (Barnes & Morris 2008:32; Humphrey & Memedovic 2003:2) . The industry comprises the largest manufacturing sector in the world, with an output equivalent to that of the world's sixth largest economy (Nag, Banerjee & (Wei & Chen 2008:973) .
Within the industry, the level of competition is increasing and the production base of most auto-giant companies is being shifted from the developed countries to developing countries in order to take advantage of low-cost production (Nag et al. 2007:4) . Automotive products have spread around the world and are dominated by a small number of companies with worldwide recognition. Due to the increasing number of vehicle models being introduced into segmented markets, executive managers are seeking both growth and cost reductions to make their companies more competitive and profitable. Vehicles are becoming more complex in order to satisfy consumer demands for improvements in safety, fuel economy, performance and quality. Automobile manufacturers are constantly under pressure to identify consumer preferences, national biases and new market segments where they can sell vehicles and gain market share. Their ability to be flexible enough to quickly respond to all of these pressures is determining their future in the industry. The implications of these factors are vast and propagate along the supply chain of the automakers (Veloso & Kumar 2003:2) . As stated by the AIEC (2013:4) report, the automotive production development programme (APDP) has replaced the MIDP. Under the APDP, which commenced 01 January 2013, the South African automotive industry entered an era of volume-driven production support. Kehbila, Ertel and Brent (2009:310) asserted that the industry is the largest manufacturing sector in South Africa. About nine million people worldwide are directly employed in producing the vehicles and the automotive components that go into them (AIEC 2012:13 
The South African automotive industry

Supply chain challenges in the South African automotive industry
Whilst the automotive industry is critical to the South African economy, it faces enormous challenges in the supply chain. According to the Kotler Marketing Group (2009), from a global perspective, the automotive industry is faced with some of the most difficult and challenging circumstances, so OEMs are scrambling to slash production and reduce manufacturing costs. They are required to enhance quality, improve styling, increase organisational efficiencies and drive innovative features into their products in an effort to attract customers and expand into new markets. They are continually putting pressure on their tiered suppliers to reduce costs, increase output and quality. These challenges imply that automotive manufacturers need to be flexible and responsive to customer demand in order to succeed. Pires and Neto (2008:328) noted that the automotive industry has, in recent years, experienced strong competition on a global scale in highly competitive markets. It has been challenged to face issues such as: strong pressure for price and delivery time reductions; quality and overall customer service improvements; environmentally friendly products; a substantial reduction in product life cycles; the rapid introduction of new products; a reduction in the time-tomarket and product development costs; the pressure to supply new markets, both in geographical terms and in terms of new products; the strengthening of relationships and the intensification of communication channels in supply chains in general (Pires & Cardoza 2007) .
Government trade, safety and environmental regulations are also influential factors affecting the automotive industry (Schwarz 2008:2) . It is clear that supply chain challenges may stem from the external environment, the customers, competition and the auto industry. In addition to these challenges, automakers in South Africa experience long order-to-delivery lead times and unreliable production schedules that lead to excess inventory throughout the supply chain. Lengthy demand planning cycles and lack of visibility to supplier, material and production constraints cause scheduling delays and short-term production changes. These problems drive automakers and suppliers to build up buffer inventory and limit their ability to flexibly react to changes in customer demand.
Under these conditions, suppliers are unable to sense customer orders and manufacture solely on schedules with 12-16 weeks of lead-time. Constrained, inflexible production and assembly capacities, and long delivery lead times also contribute to high dealer inventory levels in the form of safety stock (Schwarz 2008:2) . Besides, there is lack of transparency and effective connectivity to partners. Another supply chain issue that affects the automotive industry is a lack of collaboration in product development. Communication channels between OEMs and other supply chain partners remain manual in many cases. This is especially true in the case of small suppliers unable to afford an investment in electronic data interchange (EDI) technology that is used between OEMs and their larger suppliers. Logistics operations in the automotive supply chain are complex and represent a major expense and opportunity for improvement. The lack of communication and co-ordination of inbound and outbound logistics operations often prevents automakers from optimising their supply chains, reducing inventories and accurately forecasting and responding to customer demands (Naude 2009:264) .
In South Africa, the automotive industry faces new and pressing challenges (Muller 2009 (2010) highlighted that the industry supply chain is more vulnerable than ever as a result of huge swings in demand and volumes experienced through the global recession.
In the study conducted by Naude (2009:99) , important challenges for the South African automotive industry were identified, such as to produce at a competitive cost and to have the ability to respond quickly and reliably to first-world market demands. Naude (2009:265) further noted that the main supply chain problems in the South African automotive industry include: pressure by OEMs to reduce prices; the price of materials; cancellation of orders; excessive inventory; the unreliability of rail transport and rail capacity problems; the high cost of South African ports; the cost of replacing outdated technology; and BBBEE -achieving and verifying BEE scorecards. Furthermore, a lack of skills and labour problems, both of which are time-consuming to resolve, also play a role.
Also, logistics issues are a challenge. Although South Africa has improved on the World Bank logistics performance index (WBLPI) (ranked 28th in 2010 and 23rd in 2012 among 155 countries), logistics is still a challenge (WBLPI 2012). According to Viljoen (2012) transport costs are the single greatest factor impacting on South Africa's logistics costs, comprising 53.2% of the logistics bill. The country is faced with severe skills shortages and lack of economies of scale (Viljoen 2012). Muller (2009) highlighted a number of issues that are currently impacting on the competitiveness of the South African automotive industry. These include: globalisation and market convergence -owing to the effects of liberalisation, national markets are increasingly globalised; individualisation -consumers are being spoilt for choice and are no longer satisfied to accept standardised products. Products need to be tailored and tailorable in order to satisfy individual requirements and accelerated modification and diversification of the product portfolio are necessary. Manufacturers therefore have to shorten product lifecycles in order to react with innovative products to the expectations of changing consumer demands; they must regulate and increase safety requirements. There are also increased pressures for innovation and flexibility in development and manufacturing.
If one looks at the studies and reports outlined above there is a pattern that shows that local (South African) circumstances, economic conditions, inefficiencies in supply chains, customer pressure and global competition are to blame for the tremendous pressure on the local automotive industry. The focus of this article is particularly on supply chains of locally manufactured vehicle models and not on the industry or certain role players in the industry.
Research methodology
The purpose of this research was to explore the challenges facing locally produced vehicle supply chains in South Africa. To achieve this objective, an exploratory and descriptive research design in the form of a survey was used to collect the data. The research instrument was a semi-structured face-toface interview questionnaire, which was conducted between June 2012 and September 2012. The target population was original equipment manufacturers (OEMs) in South Africa that produced locally made light vehicles. These OEMs are the most important and powerful players in locally produced vehicle supply chains. A purposive sampling technique was used to determine the respondents. The purposive sampling technique was used in order to concentrate on those who have expert knowledge about supply chain practices and operations in the automotive industry (senior supply chain managers). Therefore, specific participants for interviews were selected according to their strategic positions in the supply chain. A total of twelve (n = 12) indepth structured interviews were conducted from six light vehicle manufacturers. The data for this study were analysed descriptively using Statistical Package for the Social Sciences (SPSS). The open-ended responses were used to give more meaning to the respondents' views on questions where it was applicable (Gray, Williamson, Karp & Dalphin 2007:44) .
Discussion of the results
The discussion of the results is presented in two parts. The first part relates to the challenges in the supply chain, whilst the second part relates to the perceived differences in the challenges between manufacturers of different parental origin.
Supply chain challenges facing light vehicle manufacturers
A questionnaire was used as the research tool during the interviews. Respondents were asked to indicate their level of agreement on a five-point Likert response format ranging from 1 (strongly disagree) to 5 (strongly agree) with reference to the extent to which statements in Table 1 impact on their performance. Twenty-three statements representing potential challenges were included. The respondents were also asked to identify other challenges that were not stated.
For the purpose of analysis, the challenges were grouped into technological challenges, infrastructural challenges, cost challenges, market or service challenges, relationship challenges and skills challenges. The frequency distribution (in %) per statement is presented in Table 1 .
Technological challenges
The majority of the respondents did not agree with the statement about 'inadequate information systems' and 'inefficient planning and forecasting tool' (75.0%). Only 25.0% of the respondents felt that these issues were a potential challenge. A total of 83.3% of the respondents indicated that they agree that 'high costs when replacing outdated assembly or manufacturing tools' is a challenge. The results show that information technology is highly utilised by the majority of the local manufacturers in the South African automotive industry. This confirms the report of the Supply Chain Intelligence Report (SCIR) (2009), which asserted that there is high usage of information technology in the South African automotive industry. Therefore our study shows that 'costly to replace existing assembly or manufacturing tools' is a great challenge for manufacturers.
Infrastructural challenges
The results with regard to infrastructure indicated distributed responses, with a third (33.3%) of the respondents indicating that they were not sure if 'sustainable infrastructure' is a challenge; 33.3% disagreed, whilst 25.0% agreed that it is a challenge. 'Reliability of the rail' as a means of transportation was a potential challenge according to half (50.0%) of the respondents. However, a quarter (25.0%) of the respondents noted that they were unsure if it was a challenge and 25.0% disagreed. In terms of 'rail capacity problems' encountered, 50.0% of the respondents asserted that it was not a challenge, whilst the other respondents (50.0%) were unsure. Hence, none of the respondents indicated that there was a rail capacity problem. The majority of the respondents (66.6%) agreed that 'increased road freight volume' is a challenge. Almost all the respondents agreed that the industry was challenged by 'delays at port' (91.7%).
The results reveal that 'sustainable infrastructure' and 'rail capacity' are not serious challenges that could affect the performance of local manufacturers in South Africa. However, reliability of rail, delays at port and increased road freight volume are challenges that impact the performance of automotive manufacturers. The results confirm the findings of the AutoWorld report (2010); there are problems with congested ports and terminals, particularly in Durban. Nonetheless, there were some cases where respondents were not sure if it was a challenge or not, such as 'unsustainable infrastructure' (33.3%); 'unreliability of rail transport' (25.0%) and 'rail capacity problems' (50.0%). This could be due to the fact that the respondents do not have an opinion and some were not using rail transport and are therefore indifferent (only road transportation).
Cost challenges
In terms of cost challenges, 'high fuel costs' (100.0% agreement) and 'incurring high costs at South African ports' recorded the highest ratings in agreement. Three quarters (75.0%) of the respondents indicated that 'incurring high operating costs' were a challenge. Two thirds of the respondents (66.6%) asserted that the 'high prices of material and components' were a challenge. This result also shows that cost is a major challenge in the South African automotive industry and confirms the findings of Naude and Badenhorst-Weiss (2011). 
Market or service challenges
Market and service challenges include issues that relate to finding new markets, cancellation of customer orders and improving service levels. The results indicate that just over half (58.4%) of the respondents agreed that 'finding new markets' was a challenge. The majority (75%) of the respondents indicated that 'customers cancelling their orders' is a challenge. 'Improving service levels' was also a challenge according to two thirds (66.7%) of the respondents. This might be indicative that 'exploring new markets' is done by parent companies. Based on the results, it is evident that the South African automotive industry is challenged in its market and services; hence the need to improve service levels and explore new and emerging markets for exports. The result confirms the report by AutoWorld (2010), which states that the industry is still unfortunately not renowned for world-class service. If consumer fulfilments are attained as first priority, then the industry will have to work even harder to provide the demanding millennium customers with the level of service they expect. This challenge may also inhibit the industry from finding new supply markets due to competition from developing economies such as China, India and South America. Hence, South Africa may be in a better position to explore the African market.
Relationship challenges
In terms of relationships with partners in the supply chain, respondents were asked to indicate whether verifying the BBBEE status (scorecard) of their strategic suppliers was a challenge. Two thirds of the respondents asserted that it was not a challenge (66.7%), whilst only 8.3% felt that verifying the BEE status was a challenge. Collaborating with strategic suppliers was not considered to be a challenge by more than half of the respondents (58.3%) and only a quarter of the respondents (25.0%) considered it to be a challenge. With reference to strategic customers, more than half of the respondents (58.3%) confirmed that it was not a challenge to collaborate and only 16.7% of the respondents noted that it was a challenge. Lastly, all respondents (100.0%) disagreed that they operate at a low level of collaboration, because the automotive industry is known for working closely (collaborating) with supply chain partners. The results show that there are good relationships with supply chain partners.
Production or skills challenges
In terms of production or skills challenges, the results show that unreliable production schedules were not a potential challenge as indicated by most (91.6%) of the respondents. The responses for lack of capacity at production were dispersed, with 41.7% of the respondents asserting that it is a challenge, 33.3% of the respondents neither agreeing nor disagreeing and 25.0% of the respondents disagreeing. The challenge of a lack of skills recorded a high agreement rating (58.4%), whilst a quarter (25.0%) felt that it was not a challenge. Two thirds (66.7%) of the respondents also considered labour problems to be a challenge.
According to the results, unreliable production schedules were not a major challenge. Capacity, skills and labour issues were challenges that impact on the performance of local automotive manufacturers in South Africa. The results confirm the findings of Naude and Badenhorst-Weiss (2011) , who asserted that the South African component manufacturers experience capacity limitations due to a lack of skilled labour. Also, in South Africa it takes time to resolve labour disputes. It is important that the industry try to raise labour productivity as well as skills levels. Respondents were requested to state other critical challenges that were not listed. Box 1 summarises the challenges identified by respondents.
Differences between supply chains with a different continent of origin (Asia and Europe) in terms of perceiving challenges
Supply chains of local manufacturers are to a large extent dictated by the parent companies (in different countries) in terms of philosophy, design, processes, strategies and market schedules. In this part, this article explores the possibility of the influence of such parent companies on the perceived challenges in South Africa. To make a comparison viable, the respondents were divided into two groups -those who are from Asian origin and those of European origin. In this part of the results, the Mann-Whitney U-test was conducted to see whether there was a significant difference between the parent company's continent origin (Asia and Europe) with regard to how they perceive supply chain challenges. Hypotheses were developed to answer this question. The hypotheses tested for supply chain challenges were:
BOX 1: Summary of additional challenges identified by respondents.
High overhead cost, low productivity compared with other plants.
Engineering challenges in terms of part modifications where we experience changes on the part while we have stock at sea freight.
Financially troubled suppliers.
Foreign exchange fluctuations.
Long lead-time to transport vehicles from East London to Gauteng; poor road condition. Regulations.
All vehicles must be micro dotted (linked to VN number).
Long lead times can lead to obsolete parts. Quality problems at suppliers.
Tool breakdowns.
Market uncertainty with long reaction time.
Hypotheses 0: Local manufacturers of light vehicles of Asian and European origin do not show significant statistical differences with regard to the way they perceive supply chain challenges.
Hypotheses 1: Local manufacturers of Asian and European origins show significant statistical differences with regard to the way they perceive supply chain challenges.
Local manufacturers of light vehicles of European and Asian origin agree to a large extent about SCM challenges, except for three. Table 2 reflects the statements where statistically significant differences, at the 5% level of significance, were found between the OEM continents of origin (Asia and Europe) with regard to their supply chain performance indicators.
As indicated in Table 2 , at 5% significance level, there is a difference in the way that European and Asian manufacturers perceive three key supply chain challenges. Furthermore, Asian manufacturers (mean rank of 7.50) feel much stronger about adequacy of their information systems compared to the European manufacturers (Mean rank of 3.50). Asian manufactures furthermore tend to agree more (mean rank of 7.40) than their European counterparts (mean rank of 3.60) that labour problems are a challenge. European manufacturers, on the other hand, tend to agree more (mean rank 7.80) that rail transport is unreliable. Certain Asian manufacturing firms are well known for their world-class production and information systems, which is in line with the findings here. With regards to their opinion on labour problems, no explanation will be possible without further investigation. The differences with regard to unreliable rail transport may be explained by the geographical location of the companies, but this certainly requires further investigation. From the findings, it seems that local manufacturing supply chains' country (continent) of origin does not influence the challenges or problems face locally.
In conclusion, locally manufactured vehicle supply chains are particularly challenged by:
• cost to update technology; • inefficiencies at ports;
• fuel price and port charges;
• improving service levels;
• cancelling of orders;
• capacity, skills and labour disputes (only to some extent).
These challenges, particularly port charges and fuel price, make South African locally made vehicles (of which a large part is made for the export market) uncompetitive, particularly if compared to other BRICS countries locally made vehicles for export.
Conclusion
This article explores the challenges facing vehicle manufacturers supply chains in South Africa. It answers two main research questions: (1) What are the challenges faced by vehicle manufacturers supply chains in South Africa? (2) Is there a difference with reference to the challenges faced by manufacturers of different origins in South Africa?
South Africa currently exports locally manufactured vehicles to over 70 countries; it is challenged to maintain its position in the market and to produce at a competitive cost and to have the ability to respond quickly and reliably to first-world market demands. The automotive industry is the largest manufacturing sector in South Africa.
This article was compiled by means of a survey of light vehicle manufactures in South Africa. Face-to-face semistructured interview questionnaires were used based on the purposive sampling technique. The findings revealed that there are challenges hindering the implementation of supply chain best practices in the South African automotive industry. These include: road freight volumes; delays at port; unreliability of rail; high fuel cost; high operating cost; high cost at ports; high prices of materials, which are actually difficult to overcome and are beyond the control of the manufacturers. A few of the challenges are actually avenues for the manufacturers to focus their efforts to become more competitive, such as replacing outdated assembly or manufacturing tools; finding new markets; cancelling customer orders and improving service levels.
This article indicates that 'costly to replace existing assembly or manufacturing tools' is a great challenge for manufacturers. Cost challenges (which include high fuel cost, operating cost, cost due to delays at ports and high prices of components and materials) affect the performance of the industry and its competitive position worldwide. The South African port charges are way higher than any of the BRICS counterparts. This challenge obviously leads to high prices of new vehicles in South Africa and makes South Africa's automotive manufacturers globally uncompetitive and therefore influences automobile exports. Capacity, skills and labour issues were also identified as challenges impacting the performance of local automotive manufacturers in South Africa. Therefore there is a need to improve service levels and to explore new and emerging markets for exports. If consumer fulfilments are attained as first priority, then the industry will have to work even harder to provide the demanding millennium customers with the level of service they expect.
The article further indicates that there was not much perceived difference in supply chain challenges between the different parent companies of origin in South Africa, except for three challenges. At 5% significance level, there is a difference in the way that European and Asian manufacturers perceive three key supply chain challenges. Asian manufactures feel much stronger about adequacy of their information systems compared to the European manufacturers. Asian manufactures tend to agree more than their European counterparts that labour problems were a challenge. European manufacturers, on the other hand, tend to agree more that rail transport is unreliable.
